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Objectives: Antibiotic stewardship has been called for across all sites of health care, including nursing
homes (NHs). Skin and soft tissue infections (SSTIs) are the third most common indication for antibiotics
in the NH, and so should be a focus of stewardship. This study audited medical records to identify signs
and symptoms of SSTIs treated with antibiotics in relation to the McGeer criteria for surveillance, the
Loeb minimum criteria for antibiotic initiation, and prescribing recommendations of the Infectious
Disease Society of America.
Design: Cross-sectional study.
Setting: Thirty-one NHs in Southeastern United States.
Measurements: Chart data from a random sample of 161 antibiotic prescriptions for SSTIs were
abstracted. To meet the McGeer criteria, pus was present at a suspected SSTI site, or at least four of the
following findings were documented as present at the site: new or worsening warmth, redness, swelling,
tenderness, serous drainage, or a constitutional finding. The Loeb minimum criteria for initiating anti-
biotics included findings of new or increasing purulent drainage at a suspected SSTI site or at least two of
the following findings: fever or new or worsening redness, tenderness, warmth, or swelling at the
suspected site. Audits also collected the name, route, and duration of the associated antibiotic. Analyses
calculated the types of diagnoses and evaluated associations between published criteria and prescribing.
Results: Cellulitis, skin/soft tissue injury with infection, and abscess were diagnosed in 37% (N ¼ 59), 18%
(N ¼ 29), and 16% (N ¼ 26) of cases, respectively; 27% (N ¼ 43) had less specific diagnoses. The McGeer
criteria were met in 25% (N ¼ 40), and the Loeb minimum criteria were met in 48% (N ¼ 77) of cases.
Doxycycline was the most frequently prescribed antibiotic. The mean treatment length was 9.6 days
(standard deviation, 5.6), and the median length of treatment was 8.5 days (range, 3-45).
Conclusion: SSTIs are not routinely diagnosed or treated according to recommended standards of care,
and prescriptions for systemic antibiotics appear to be frequently initiated without regard to recom-
mended definitions of infection or therapies for the associated diagnoses. These findings indicate that
SSTIs present various opportunities to improve antibiotic stewardship.Portions of this article were presented at the annual meeting of the American
Geriatrics Society, Long Beach, California, May 19, 2016.
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As many as one-third of nursing home (NH) residents carry one or
more multidrug-resistant organisms (MDROs),1 with colonization of
new residents tending to occur shortly following admission.2 To limit
further resistance, the U.S. Centers for Disease Control and Prevention
recently encouraged all NHs to develop antibiotic stewardship pro-
grams as a new standard in care.3 In addition, the U.S. Centers for
Medicare andMedicaid Services is consideringmandating that all NHs
have antibiotic stewardship programs.4 When determining the focus
of these programs, it is important to recognize that skin and soft tissue
infections (SSTIs) are the third most common indication for antibiotics
in NHs5,6 and therefore an important target for antibiotic stewardship.
Antibiotic stewardship for skin infections in NHs presents unique
challenges. NH residents have a particularly high prevalence of co-
morbid health illnesses, such as peripheral vascular disease, venous
stasis disease, and pressure ulcers,7 which contribute to chronic skin
changes. These conditions can obscure the distinction between acute
changes and chronic findings. Also, many NH residents have chronic
wounds that are colonized with bacteria8 and potentially harbor
MDROs. In addition, dementia is common, which hinders diagnoses by
limiting information gathering regarding symptoms. Finally, NH res-
idents live in a communal environment and receive assistance from
caregivers who move from resident to resident, often using shared
medical supplies, which facilitates the spread of infectious
organisms.9
A number of criteria have been promulgated by experts to identify
when antibiotics are appropriate for SSTIs in NHs. Loeb and colleagues
developed minimum consensus criteria for antibiotic initiation in
commonly encountered NH bacterial infections.10 Although there is
evidence that adherence to the Loeb criteria is not associated with
antibiotic prescribing decisions,11 these remain the most popular
criteria for prospective use in determining antibiotic initiation.
Another set of consensus criteria, the McGeer criteria, were intro-
duced in 1991 to direct surveillance of common infections in NHs12
and were revised in 2012.13 An additional set of guidelines for anti-
biotic use in SSTIs, those of the Infectious Disease Society of America
(IDSA), was developed in 2014 for SSTIs in community-dwelling pa-
tients.14 Whether and towhat extent these criteria can or do influence
decision making in NHs is unknown.
Given the importance of SSTIs in NH practice and the mounting
pressure for antibiotic stewardship, surprisingly little data exist
regarding how presumed SSTIs are actually diagnosed andmanaged in
NH practice. To address this knowledge gap, we studied 161 antibiotic
prescriptions for SSTIs in 30 NHs in North Carolina. We audited
medical records for documentation of signs and symptoms related to
an SSTI according to the definitions in the recently updated McGeer
criteria and Loeb minimum criteria. We also present the treatment
courses in relation to the IDSA guidelines. The results are highly
informative to guide antibiotic stewardship efforts in NHs.
Methods
As part of a dissemination research study of infectionmanagement
and antibiotic stewardship in NHs, we enrolled 31 NHs in North Car-
olina and, within each, audited a random sample of antibiotic pre-
scriptions for SSTIs. We collected chart documentation regarding any
signs and symptoms of a possible SSTI as articulated in the modified
McGeer criteria and the Loeb minimum criteria and related these
clinical data to the IDSA recommendations for empirical antibiotic
therapy.
Eligible NHs were affiliated with either a regional NH chain or a
regional long-term care medical practice group. A total of 35 NHswere
approached for participation. Four refused, and the remaining 31
(89%) enrolled in the study. Participating NHs provided monthly lists
of all antibiotic prescriptions and the diagnoses as reported for each by
the NH between September 2014 and March 2015; during this period,30 NHs (97%) reported antibiotic prescriptions for one or more SSTI. A
team of geriatricians and research staff visited each NH and conducted
chart audits of up to eight prescriptions for SSTIs from themonth prior
to the audit, yielding a sample of 161 cases of treated SSTIs from 30
NHs.
The medical and nursing records of the selected charts of residents
who received an antibiotic for an SSTI were systematically audited for
documentation of elements of the modified McGeer criteria and the
Loeb minimum criteria recorded in the 48 hours prior to the initiation
of the antibiotic. The McGeer criteria were met if pus was present at a
suspected SSTI site or if at least four of the following were present at
the site: new or worsening warmth, redness, swelling, tenderness,
serous drainage, or a constitutional finding. According to these
criteria, constitutional findings included fever, leukocytosis, acute
change in mental status and functional decline; however, change in
mental status and function were excluded from data collection and
analysis because no NH documented them in the manner specified by
the McGeer criteria.13 We recorded fever as a single oral temperature
>37.8C (100F) or > 37.2C (99F) 48 hours before a prescription,
similar to but not consistent with the revised McGeer criteria (which
insist on two oral temperatures for the lower threshold).13 Docu-
mentation of the other constitutional finding, leukocytosis (>14,000
leukocytes/mm3 or > 6% bands or > 1,500 bands/mm3) was collected
within 72 hours of a prescription. Additional data including the
source, type, and results of SSTI cultures were gathered. Audits also
recorded the frequency of emergency department visits, hospitaliza-
tions, and deaths in the 7 days following an antibiotic prescription.
The Loeb minimum criteria share many of the clinical findings of
the McGeer criteria. They recommend antibiotic initiation for an SSTI
if new or increasing purulent drainage is noted at a wound, skin, or
soft-tissue sitedor at least two of the following findings: fever
(temperature >37.9C [100F] or an increase of 1.5C [2.4F] above
baseline temperatures taken at any site) or new or worsening redness,
tenderness, warmth, or swelling at the site.10 Our audits collected all of
these data.
Diagnoses were recorded verbatim from notes written by medical
providers (physicians, nurse practitioners, or physician assistants) or,
if no diagnosis was present in a provider note, it was obtained from the
nursing notes. Diagnoses were then aggregated into up to three ICD-9
(International Classification of Diseases, 9th revision) categories by
project staff, under the direction of two geriatricians (D.F. and P.D.S.).
Cases with nonspecific diagnoses such as “skin infection” were coded
as ICD-9 709.9 “unspecified disorder of skin and subcutaneous
tissue.”15
Analyses calculated the percent of diagnostic types and evaluated
associations between published criteria and antibiotic prescribing for
the three most common ICD-9 categories; that is, for each of the three
diagnostic categories, the proportion of prescriptions that met the
modified McGeer criteria and the Loeb minimum criteria was calcu-
lated. Analyses adjusted for differences in the method of measuring
temperature by subtracting 0.75F from rectal and tympanic readings
and adding 0.75F to axillary readings, to obtain an oral temperature
equivalent.16 In addition, empirical antibiotic choices were compared
to those recommended by the IDSA for a specific diagnosis. The study
was approved by the University of North Carolina Institutional Review
Board.
Results
The mean bed size of the 31 participating NHs was 113 (standard
deviation [SD], 50; range, 40-217); the mean occupancy was 87%; 74%
were part of a chain, and 81% were for profit. The mean quality rating
from Nursing Home Comparewas 3.3 of a maximum score of 5.17 None
of these values was significantly different from those of NHs across the
nation (all P > .05). In the past 5 years, the average study NH had two
different medical directors (range,1-3), three nursing directors (range,
1-12), and two infection control nurses (range, 0-12). The average NH
medical director cared for 81% of all NH residents (range, 15%-100%).
The average infection control nurse spent 7.9 (SD, 6.1) hours a week
devoted to infection control. The average NH had 32 (SD, 14) licensed
nurses (RN/LPN) on staff. Fifty-two percent of NHs had a nursing
wound specialist, and 58% had at least one physician trained inwound
care. Study NHs had an average of 27% of all residents in private rooms.
The NH residents whose records were audited averaged 82 years
old. Thirty percent weremale, 32% were African American, and 5%were
on hospice care. One resident had an order to withhold antibiotics.
A total of 161 antibiotic prescriptions for SSTIs were audited across
the 30 study NHs. Seventy percent (N ¼ 112) of the abstracted SSTI
prescriptions were initiated at the NH; the remaining 30% (N ¼ 49)
were prescribed at an emergency department, during a hospitaliza-
tion, at a physician’s office, or at an unknown setting. The proportion
of diagnoses and associated findings for SSTI prescriptions is displayed
in Figure 1. The three most frequent diagnoses were cellulitis (N ¼ 59,
37%), skin/soft tissue injury with infection (N ¼ 29, 18%), and abscess
(N ¼ 26, 16%). Eight percent (N ¼ 13) of prescriptions were given for
wounds with characteristics of pressure ulcers (data not shown), but
the specific diagnosis of pressure ulcer infection was documented in
only 2% (N¼ 4). Wounds of any kind were described in 27% (N¼ 44) of
SSTI prescriptions (data not shown). Finally, 27% (N¼ 43) of antibiotics
were prescribed for “unspecified disorder of skin and subcutaneous
tissue” including diagnoses such as “contusion,” “bacterial infection,”
“MRSA,” or “ankle infection.”
Infection quality assurance requires documentation.13 However,
the majority of treated cases did not have documentation that either
supported or invalidated the associated diagnoses. As shown in the
bottom row of Table 1, sufficient documentation was present to meetFig. 1. Proportions of diagnoses recorded for skin and soft tissue prescriptions treated with a
surgical site infections, wounds not otherwise specified, and lacerations) and abscess, in 37%
specific, indications constituted 27% of total prescriptions.the modified McGeer criteria for an SSTI in 25% (N ¼ 40) of the 161
study prescriptions. Sixteen percent (N ¼ 25) of all prescriptions had
no modified McGeer criteria documented (data not shown). The Loeb
minimum criteria were satisfied in 48% (N ¼ 77) of prescriptions.
Audits found the presence of pus documented at the site of the
suspected SSTI in 18% (N ¼ 30) of prescriptions. Redness was the most
frequently documented sign in cases of treated cellulitis (54%, N ¼ 32)
and treated cases overall (42%, N ¼ 67). The presence or absence of
redness was not documented at all in 53% of treated cases. Docu-
mentation of the presence or absence of the remaining McGeer cri-
teriadswelling, tenderness, or serous drainage, was absent in 71%
(N ¼ 115), 63% (N ¼ 102), and 70% (N ¼ 113) of cases, respectively.
Almost one-third (32%, N ¼ 52) of SSTI prescriptions were initiated
without any temperature documented within 48 hours of treatment
initiation.
Laboratory data (including a culture from a suspected SSTI site or a
white blood cell count) were infrequently documented. Leukocytosis, a
constitutional finding of the McGeer criteria, was noted in only one
prescription, and a white blood cell count within 72 hours of treatment
initiation was available in only 7% (N ¼ 12) of audited charts. Cultures
from sites of a suspected SSTI were obtained for 9% (N ¼ 14) of the 161
prescriptions; of these, eight were documented to be obtained from
wounds, and six did not have a source documented. The technique used
to capture samples (eg, Levine technique, needle aspiration, or surface
swab) was never documented. Of the 14 cultures, half revealed
methicillin-resistant Staphylococcus aureus, three grew Klebsiella spe-
cies, two resulted in Pseudomonas species, 2 had polymicrobial results,
and six were associated with antibiotic regimen changes.
The mean duration for any prescription was 9.6 days (SD, 5.9), and
the median number of treatment days was 8.5 (range, 3-45; see
Table 2). Doxycycline was the most frequently prescribed antibioticntibiotics. Diagnoses included cellulitis, skin/soft tissue injury with infection (including
, 16%, and 18%, respectively of the total 161 prescriptions. Treated SSTIs with other, less
Table 1
Number and Percent* of Documented Signs, Symptoms, and Laboratory Findings Specified in the McGeer Criteria and Loeb Minimum Criteria Associated With Antibiotic
Prescriptions for Skin and Soft Tissue Infections
Signs, Symptoms, and Laboratory Findings Type of SSTI Total Sampled
Prescriptions,
N ¼ 161Cellulitis,




N ¼ 29, 18% of
Prescriptions
Abscess,
N ¼ 26, 16%
of Prescriptions
Pusz,x
Yes 3 (5%) 10 (34%) 8 (31%) 30 (19%)
No 4 (7%) 2 (7%) 3 (12%) 14 (9%)
Not documented 52 (88%) 17 (59%) 15 (57%) 117 (73%)
Heat/warmthz,x
Yes 16 (27%) 8 (28%) 3 (12%) 31 (19%)
No 5 (8%) 3 (10%) 1 (4%) 14 (9%)
Not documented 38 (64%) 18 (62%) 22 (85%) 116 (72%)
Rednessz,x
Yes 32 (54%) 10 (35%) 9 (35%) 67 (42%)
No 3 (5%) 3 (10%) 1 (4%) 9 (6%)
Not documented 24 (41%) 16 (55%) 16 (62%) 85 (53%)
Swellingz,x
Yes 22 (37%) 3 (10%) 5 (19%) 34 (21%)
No 3 (5%) 4 (14%) 1 (4%) 12 (8%)
Not documented 34 (58%) 22 (76%) 20 (77%) 115 (71%)
Tendernessz,x
Yes 17 (29%) 7 (24%) 9 (35%) 45 (28%)
No 6 (10%) 3 (10%) 1 (4%) 14 (9%)
Not documented 36 (61%) 19 (66%) 16 (61%) 102 (63%)
Serous drainagez
Yes 5 (8%) 7 (24%) 3 (12%) 23 (14%)
No 6 (10%) 4 (14%) 8 (31%) 25 (16%)
Not documented 48 (81%) 18 (62%) 15 (58%) 113 (70%)
Fever
1 temperature  100.0Fz,x 0 (0%) 1 (3%) 1 (4%) 3 (2%)
2 temperatures > 99Fz 1 (2%) 2 (7%) 1 (4%) 5 (3%)
No temperature documented 19 (32%) 8 (28%) 9 (35%) 52 (32%)
WBC count
WBC count available 5 (8%) 3 (10%) 1 (4%) 12 (7%)
Leukocytosisz 1 (2%) 0 (0%) 0 (0%) 1 (1%)
Met modified McGeer criteria (pus or  4 of 7 indicatorsz) 8 (14%) 12 (41%) 10 (38%) 40 (25%)
Met the Loeb minimum criteria (pus or  2 of 5 indicatorsx) 32 (54%) 14 (48%) 14 (54%) 77 (48%)
SSTI, skin and soft tissue infection; WBC, white blood cell.
*Percent within specific categories of infection, cellulitis, skin/soft tissue injury with infection, and abscess are each calculated with appropriate denominator (59, 29, and 26
respectively). These diagnoses were the most frequent; the remaining 30% (N ¼ 47) of prescriptions were not readily categorized, including such diagnoses as “contusion,”
“bacterial infection,” and “ankle infection.” The percentages presented in the “total” category are calculated with the entire sample of 161 prescriptions as their denominator.
ySSTI with infection categorization includes the diagnoses “laceration/open wound/wound not otherwise specified,” “surgical site infection,” and “infected wound not
otherwise specified (excludes pressure ulcer).”
zModified McGeer Criteria: Met if pus is present at site of SSTI or new or worsening of at least four of the following: heat, redness, swelling, tenderness, serous drainage,
fever (>100.0F,  2 temperatures greater than 99F) or leukocytosis (14,000 leukocytes/mm3 or  6% bands or  1,500 bands/mm3) present.13
xLoeb Minimum Criteria: Met if pus is present at site of SSTI or new or worsening of at least two of the following: fever (T >100.0F or >2.4F above baseline), redness,
tenderness, warmth, new or increased swelling at the suspected site.10regardless of the type of infection. Intravenous vancomycin was given
in 5% (N¼ 8) of all SSTIs. The initial antibiotic was changed or stopped
in 13% (N ¼ 21) of the prescriptions, and an additional antibiotic was
added in 6% (N ¼ 10).
Discussion
Twenty years ago, the Society for Healthcare Epidemiology of
America reported inappropriately high antibiotic prescribing in NHs.18
The findings presented in this article of 161 NH cases for which an-
tibiotics were prescribed for SSTIs suggest that practices have not
dramatically improved in the interim, despite calls for more judicious
antibiotic prescribing and the development of new resources for cli-
nicians. We found that few cases met the surveillance requirements of
the modified McGeer criteria, and approximately half met the less
stringent Loeb minimum criteria. The treatment courses often did not
adhere to guidelines for given diagnoses and were frequently pro-
longed. Thus, treatment of presumed SSTIs in NHs offers considerable
opportunity to improve antibiotic stewardship.Cellulitis was the most commonly cited indication for SSTI treat-
ment in our sample, similar to other NH studies.5 However, consistent
with the overall results, cellulitis was diagnosed largely independently
of the modified McGeer criteria definitions for an SSTI, as only 14% of
cases met the surveillance definition. Prescribing was more in line
with the Loeb criteria (54%), however. The marked difference between
compliance with the McGeer and Loeb criteria likely reflects the
inherent challenges of using infection surveillance definitions to guide
treatment decisions. For cellulitis, for example, the IDSA’s clinical
definition includes erythema, warmth and swelling,14 which together
were documented as present in only 12% of treated cases. Redness was
documented in 54% of prescriptions for cellulitis and was the only
documented finding in 8% of treated cellulitis cases. Nevertheless,
redness is also common in noninfectious, chronic skin changes such as
stasis dermatitis, peripheral vascular disease, and venous insuffi-
ciency. Although antibiotics are not indicated for these and other
noninfectious causes of erythema, our data suggest that the readily
apparent finding of redness may influence potentially inappropriate
prescribing.
Table 2
Antibiotics Prescribed for Specific Diagnoses and of Total Sampled Prescriptions and Total Duration of Antibiotic Therapy
Antibiotics Type of SSTI Total Sampled
Prescriptions
(N ¼ 161)Cellulitis
(N ¼ 59, 37%
of Prescriptions)
SST Injury with
Infection* (N ¼ 29, 18%
of Prescriptions)
Abscess,
(N ¼ 26, 16%
of Prescriptions)
Doxycycline 17 (29%) 8 (28%) 14 (54%) 52 (32%)
Cephalexin 14 (24%) 6 (21%) 6 (23%) 35 (22%)
Trimethoprim/sulfamethoxazole 9 (15%) 6 (21%) 4 (15%) 23 (14%)
Clindamycin 7 (12%) 1 (3%) 0 (0%) 11 (7%)
Amoxicillin-clavulanate 4 (7%) 3 (10%) 0 (0%) 9 (6%)
Other antibiotics 8 (13%) 5 (17%) 2 (8%) 31 (19%)
Mean number of days of treatment (SD) 9.3 (5.1) 10.0 (7.6) 9.1 (2.4) 9.6 (5.9)
Median number of days of treatment (range) 10 (5-42) 7 (3-42) 10 (5-14) 8.5 (3-45)
SD, standard deviation; SSTI, soft tissue injury.
*SSTI with infection categorization includes the diagnoses “laceration/open wound/wound not otherwise specified,” “surgical site infection,” and “infected wound not
otherwise specified (excludes pressure ulcer).”Regarding the lack of adherence to diagnostic guidelines, it is
possible that the absence of documentation does not equate to the
absence of clinical signs or symptoms, and so may not reflect lack of
guideline adherence. However, given the increasing burden of MDROs
and calls for antibiotic stewardship, better documentation is needed to
provide reasonable justification for antibiotic use. After all, guidelines
exist expressly to promote accurate diagnoses as justification for
antibiotic use.
Our results indicate considerable nonadherence to guidelines
regarding the type, route, and duration of antibiotic therapy. Cellulitis
was treated most often with doxycycline rather than the recom-
mended first-line penicillin-based therapies,14,19 as the most common
etiology of cellulitis in the community and in NHs is Streptococcus, not
Staphylococcus.19,20 Other agents approved as first-line therapy in
penicillin-allergic patients, such as clindamycin,14 were also pre-
scribed less often than doxycycline for cellulitis. Further, the duration
of therapy tended to be longer than recommended. Mild cellulitis,
defined as erythema, warmth, and swelling, without fever or other
signs of a systemic infection, should be treated with 5 days of anti-
biotics14; however, in our data, the mean treatment course for cellu-
litis was 9.3 days, despite the fact that only one patient had a
documented fever, which potentially indicated a more severe
infection.
Abscesses were frequently diagnosed and treated in our sample.
Again, doxycycline was the drug most commonly prescribed. How-
ever, the IDSA reserves doxycycline for severe abscesses in patients
with systemic illness, or unsuccessful incision and drainage proced-
ures.14 Our chart audits did not capture if an incision and drainage had
been performed, but even if it had been, correct abscess management
can be complex. Even dermatologists struggle with proper manage-
ment of this frequent SSTI21 and often provide unrecommended oral
therapy. In our cases, the lack of associated signs of systemic infection
(eg, fever, leukocytosis) suggests that few residents were systemically
ill from their abscesses.
The potentially overzealous prescribing practices in our NH sample
may reflect the prescribers’ aversion to the risks of delayed treatment
given that NH residents carry a higher burden of sepsis than the
general population.22 The overuse of doxycycline, both in indication
and therapy duration, may reflect concern for MDROs such as
methicillin-resistant S. aureus. Targeted educational interventions are
advised to address these points; they should recognize the pre-
conceptions and priorities of NH providers and engage the entire NH
care team.13,23e26 Such opportunities can potentially improve anti-
biotic stewardship uniquely for SSTIs.
Previous studies have documented that nearly half of all NH anti-
biotic prescriptions were written by prescribers who were not phys-
ically present and therefore consulted by telephone,27 a situation that
likely applies to our sample as well. An SSTI diagnosis requires athorough examination,28 and accurate diagnoses can be achieved by
better integrating technology with patient care.29 We never encoun-
tered documentation of a digital image used in the diagnostic process,
but digital imagery can both enhance the visual aspects of a diagnosis
and track symptom progression or resolution. Such systems already
exist in the area of wound care, where some specialists use custom-
ized electronic health records to manage chronic wounds.30 Data
suggest that health care information technologies promote better
management decisions,30,31 and photographic documentation in NHs
could potentially improve treatment choices and antibiotic steward-
ship for SSTI management.
Conclusion
From our sample of treated SSTIs, we conclude that the recom-
mended standard of care is not practiced regularly. The McGeer
criteria were created for surveillance purposes, the Loeb minimum
criteria were generated to guide antibiotic initiation, and the IDSA
recommendations were made to guide prescribing. None of these
valuable resources appear to be used regularly in the NH setting to
manage SSTIs. In the era of antibiotic stewardship, NH care may be
improved and unnecessary antibiotic burden lessened by broader
application of these guidelines. In addition, SSTI management may be
improved by merging these resources with information technology.
Just as MDROs are constantly evolving, so too must care in the NH.
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